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Abstract 
The impact that commercial vehicles, especially freight, has on traffic is disproportionately large compared to the 
number of vehicles they represent. Instead of treating commercial vehicles and commercial through-traffic as back- 
ground noise in our transport planning models, this paper aims to shed light on the characteristics of commercial 
through-traffic. We argue that if we better understand the activities and activity chains, we would be in a position to 
build better and more realistic models that, in turn, will assist in better decision-making. In this paper we analyzed the 
activity chains of through-traffic, drawing from a pool of more than 30000 commercial vehicles that were tracked for 
six months. The results of the analysis show on an hour-by-hour basis where vehicles enter the study area, the number 
of activities conducted within the area, and the point of departure. In the porously bounded economic hub of South 
Africa, the province of Gauteng, we show that the majority of vehicles come into and leave the province through the 
same arterial routes. We also find distinguishing characteristics between through-traffic originating from within, 
versus those that originate from outside the province. It is a novel contribution that investigates the activity chain 
characteristics in a disaggregated manner, and lays a new foundation to build better transportation models in which 
freight traffic is reflected more accurately in an urban environment. Understanding the disaggregate activity chain 
structures allows us to generate synthetic populations of commercial vehicles and model them in an agent-based 
setting, such as the Multi-Agent Transport Simulation (MATSim) toolkit. 
 
© 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the 7th International 
Conference on City Logistics 
 
Keywords: Commercial vehicles; through-traffic; activity chains 
 
*
 Corresponding author. Tel.: +27-12-4102843; fax: +27-12-3625103. 
E-mail address: johan.joubert@up.ac.za 
Available online at www.sciencedirect.com
 l ier td. Selection and/or peer-review under responsibility of 7  Interna io l 
ti Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
185 Johan W. Joubert  /  Procedia - Social and Behavioral Sciences  39 ( 2012 )  184 – 194 
1. Introduction 
Road transportation is known to dominate freight transport by land [1]. This holds for South Africa too 
as it is, because of its ports infrastructure, very often the entry point into Africa, especially Southern 
Africa. Gauteng (Fig. 1) is South Africa’s smallest province and the economic hub of the country: 
accounting for less than 2% of the country’s land surface, yet representing more than 35% of the nation’s 
Gross Domestic Product (GDP). Stated differently, the small land-locked province of Gauteng accounts 
for approximately 10% of the entire African continent’s GDP. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. The porously bounded province of Gauteng, South Africa 
Road-based freight in South Africa is usually headed either to, or from Gauteng because of its 
economic significance. But Gauteng also acts as a gateway into Africa, so a large number of freight and 
commercial vehicles simply pass through the province. Al-Deek et al. [2] acknowledge that national and 
state-wide data regarding freight movement are often not specific enough to apply to small and unique 
regions, and are insufficient for detailed and disaggregate studies. This is also true for Gauteng, especially 
since road freight is deregulated, and very little data is available. In transport planning, through-traffic is 
often merely added as background noise, with very little understanding of where (let alone when and 
why) through-traffic vehicles crisscross the province. 
The impact that through-traffic has on travel time is considered by Miyagawa [3] in designing and 
evaluating a hierarchical system of road networks. Our literature review identified no prior contributions 
analyzing the activity chain characteristics of through-traffic. To improve the modeling of transport, in 
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order to support better decision- making regarding transport infrastructure investment, this paper aims to 
improve our understanding of through-traffic. 
It may be argued that through-traffic has little impact on urban freight movement and traffic 
congestion. In this paper, however, we consider through traffic to be all vehicles that spend less than 60% 
of its activities within the study area (Gauteng in this case). The paper shows that the majority of through 
traffic actually either starts, or terminates, in Gauteng, and do not merely pass through. This has 
significant impact for transport modeling. Instead of merely adding background noise to transport models, 
as is the state-of-practice, this paper aims to show how better accounting for these vehicles can improve 
city logistics planning. 
This paper builds on the work of Joubert and Axhausen [4] who extracted vehicle activities and 
activity chains from geographic positioning system (GPS) vehicle logs. In this paper we limit our interest 
to vehicles considered through-traffic, and analyze those vehicles’ activity chains. Eight gates are 
identified on main routes where vehicles typically enter and leave the province. 
The results of this paper indicate the activity density for each of the gates for different hours of the day 
(Fig. 3). The three most prominent corridors are linking Gauteng with the port-cities of Durban (South-
East) and Cape Town (South-West), respectively, and towards the East to the province of Mpumalanga 
and Mozambique. The paper also shows that traffic merely passing through the province is much lower 
than intuitively expected: the majority of freight movement enters and leaves through the same gate, 
suggesting that trips are either destined for Gauteng, or originate from Gauteng. 
Why is this significant for City Logistics? The majority freight operators assume that the authorities 
responsible for providing the transport infrastructure they require to operate efficiently, consider freight 
movement. Yet, the oversimplification of freight activity chains in state-of-practice models is alarming. 
Having improved and more realistic transport models will allow both researchers and practitioners to 
better evaluate the impact of City Logistic initiatives. 
Knowing when and where vehicles enter; the number of activities that they perform within the 
province while there; and when and where they leave, allows accurate and realistic synthetic populations 
of commercial vehicles to be created for disaggregate transport modeling. We believe that this paper is 
novel in giving insight into the structure of activity chains for through-traffic. Synthetic activity chains 
can then be accurately simulated using disaggregate modeling approaches such as the Multi-Agent 
Transport Simulation (MATSim) toolkit [5]. 
In the next section we put this paper in context with contributions from literature. Section 3 introduces 
the methods employed to extract commercial vehicle activity chain characteristics from GPS data. The 
analysis of through-traffic is presented in Section 4. The paper is concluded with a discussion in Section 5 
and we suggest a research agenda. 
2. Literature review 
Many freight-modeling studies use demographic and economic indicators such as employment, 
income, and key industry data. Marker Jr and Goulias [6] predict truck traffic using a zonal approach, 
following the trip generation; trip distribution; and traffic assignment steps. Trip generation is estimated 
by business employment classes and the number of households, while trip distribution employ a gravity 
model. 
To improve decision-support for future transport infrastructure modifications, [2] develop truck trip 
generation models to predict the freight vehicle volumes in and around the Port of Miami. Their model 
also follows an origin-destination approach but a) considers only domestic goods since true import and 
export locations could not be determined; and b) focuses on a single location only, i.e. the port. 
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Tan et al. [7] develop a discrete-event simulation to address intermodal, state-wide movement of 
freight vehicles. They infer origin-destination data from commodity flows, and cleverly combine micro- 
and macroscopic elements to end up with a large-scale representation of the decision space. The study 
dealt with through-traffic trips by defining both the origin and destination to be located on the border of 
the study area. What very often happens, as will be dealt with in this paper, is that although vehicles 
travel through the study area, they do stop and perform activities within the area before leaving again. 
The simulation model proposed in [8] integrates the physical (multimodal) transportation network; the 
logistics network describing product flows; the financial network modeling the market-driven payments; 
and the information network that links the other networks with one another and with the different 
stakeholders. The flows are again origin-destination driven, and during the assignment phase, product 
flows are converted to the physical network, which in turn impacts traffic conditions. Travel time, 
however, is assumed to follow a normal distribution to account for uncertainty, and is not determined 
from actual traffic conditions and travel times. 
Instead of a top-down assignment approach, the reality is that various stakeholders (firms representing 
shippers and carriers) make autonomous decisions. An agent-based approach where firms (represented by 
agents) can make such disaggregate, autonomous decision, and act or react with their changing 
environment holds a great deal of potential. Yet before the autonomous decisions can be modeled, they 
need to be understood. To address this limitation, [9] present a tour-based micro simulation model of 
urban commercial movements using data from an extensive survey of 37 000 activity chains in Calgary, 
Canada. Fischer et al. [10] combined logistics chain modeling and tour-based truck movement modeling 
in their study in California. 
Samimi et al. [11] review both aggregate and disaggregate freight movement modeling, highlighting 
the gap in behavioral freight data as a fundamental barrier in the progress of disaggregate freight 
modeling. In the recent review by [12] on forecasting freight the authors highlight the value of 
disaggregate freight models. According to them good freight demand models should have a strong 
behavioral foundation; have a multimodal scope; incorporate both freight and passenger interactions; and 
be capable of handling policy changes. 
The conclusion by [6] was that estimated truck traffic link volumes favor the use of more disaggregate 
modeling schemes since these schemes result in improved model accuracy. Figliozzi [13] provides a 
disaggregate analysis of commercial vehicle tour formation in an Australian study. [4] use GPS logs of 
commercial vehicles to study the movement of carriers and service providers, focusing specifically on the 
vehicles, and not the cargo they carry. Using an agent-based approach, Joubert et al. [14] simulate 
commercial vehicles along with private cars in a large-scale model. The disaggregate modeling approach 
provides richer result sets that are time-dependent and allows for aggregation to any level required for 
better decision-making. 
3. Methods 
Similar to the detailed harbour gate passes accessible to [2] in their study, and the GPS survey data of 
Greaves and Figliozzi [15], this paper benefits from having access to good quality disaggregate data. GPS 
logs of more than 30 000 commercial vehicles over a six-month period in 2008 are monitored to extract 
activities, and infer activity chains. 
3.1. Extracting activity chains 
The process of extracting vehicle activities from GPS logs was introduced in [4]. A cTrack fleet 
management device from DigiCore Fleet Management on each tracked vehicle records various triggers, 
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of which ignition on and ignition off are the two used to identify the end and start of an activity, 
respectively. The study concluded that 300 minutes (5 hours) is a plausible activity duration threshold to 
distinguish between minor activities: those activities that involve the loading, offloading and service 
activities that make up the links in an activity chain; and major activities: those activities that signal the 
start and end of an activity chain. 
For each vehicle, [4] evaluate what percentage of the vehicle’s activities was performed within the 
study area of Gauteng. Fig. 2 illustrates that 60% is a definitive threshold to distinguish between vehicles 
mostly confined to the study area, called within-traffic or intra-provincial traffic, and through-traffic 
vehicles. The 60% threshold is insensitive to the 5-hour activity duration threshold that makes a 
distinction between minor and major activities. 
In this paper we only consider complete chains that start and end with a major activity, and again only 
those of vehicles that spend at most 60% of their activities within the province of Gauteng, South Africa. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Identifying a threshold to distinguish between within and through-traffic [4] 
3.2. Identifying gates 
Gauteng is a porously bounded province with many arterial routes linking the province with other 
economic centra in South and Southern Africa. Eight gates were identified on the boundary of Gauteng 
where main arterials enter the province. The main arterials are indicated in Fig. 1 with the numbered 
gates. 
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The first gate is on the N3 (the prefix ‘N’ denotes a national freeway) linking Gauteng with KwaZulu-
Natal, and more specifically the eThekwini metro with the Durban port, the largest port in the country. 
The second is on the N12 (eastbound) that links Gauteng towards the east with the neighboring province 
of Mpumalanga, where it joins the N4 (eastbound), the latter forming the third gate. The N4 is the main 
arterial with the east, ultimately ending in Mozambique where it becomes route EN4 that leads to the 
capital, Maputo, also a port city. The fourth gate is on the N1 north that links Gauteng to the North with 
the province of Limpopo and the country’s neighbor Zimbabwe. The fifth is the N4 (westbound) linking 
Gauteng with the North West province where numerous platinum and related mining operations are. The 
N4, aptly known as the Platinum Highway, extends through to Botswana (where it becomes the A2), all 
the way through to central and northern Namibia. The sixth gate is on the N14, and the seventh is on the 
N12 (westbound). Both lead towards the southern border posts with Namibia, the latter passing through 
the capital of North West, Potchefstroom. The N1 South is the last gate and links Gauteng to its southern 
neighbors of the Free State, and the various Cape provinces. The N1 eventually ends in Cape Town, 
which houses the second-largest port in South Africa. 
Other roads leading into Gauteng are all smaller regional roads that, in general, all effectively 
terminate a short distance outside the borders of Gauteng. 
3.3. Through-traffic characteristics  
To analyze the through-traffic chains, we systematically considered all consecutive activity-pairs in 
each chain of each vehicle: referring to any such pair of activities as (a, b). If a and b are either within or 
outside Gauteng, the pair is ignored. If, however, a is inside Gauteng and b is outside, an exit is 
registered. To identify the point of exit a straight line connecting a and b is drawn, and the intersection of 
the line with the provincial boundary is noted as point c. The gate closest to c is considered the exit gate. 
Similarly, when a is outside Gauteng, and b inside, we register an entry at the gate closest to the 
intersection of the line ab with the provincial boundary. 
Since, from the activity chains, we know when each activity starts and ends, we can estimate the time 
of entry (or exist). To do that, we use point c calculated earlier to establish a fraction f as the straight-line 
distance from a to c divided by the straight-line distance from a to b. We know that the journey time from 
a to b, denoted by t, is the time since activity a ends, denoted by aend, to the time when activity b starts, 
denoted by bstart. In other words, t = bstart − aend. The estimated time of entry (or exit), denoted by e, is 
then calculated as e = aend + ft. 
Many chains start outside and end in Gauteng, or conversely, starts in Gauteng and ends somewhere 
else. Irrespective of where chains start and end, we register the various entries and exits (and the times 
associated with the gate activity). 
3.4. Returning chains 
Two types of chains required more consideration. If a chain starts within Gauteng, then leaves the 
province, performs a number of activities outside the province before returning and ending in the 
province, the chain is referred to as an out-in chain. Conversely, in-out chains start outside the province, 
performs a number of activities within Gauteng before returning and ending outside Gauteng again. 
In this paper, we want to answer the question: “but do they really return to the same place they came 
from?” Specifically, we were interested to understand if vehicles use the same, or different gates when 
entering and leaving the province. 
For out-in chains, we then defined out-in pairs as the pair of gates associated with the out-in chain. 
That is, if a chain starts within Gauteng, through which gate did it leave the province, and through which 
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did it ultimately return. Similarly, in-out pairs note the gate-combination through which a chain that 
started outside the province entered and left Gauteng, respectively. 
4. Results 
4.1. Through-traffic characteristics 
The total gate activities for each of the eight gates are shown in Fig. 3. The graphs for each gate 
distinguish between the number of entries and exists, and shows the actual number of activities as the 
average daily number calculated over the 182-day period from 1 January to 30 June 2008. 
Gates 1, 2 and 8 dominate the scene. The high volumes at gates 1 and 8 were expected since the three 
economic centra in South Africa are connected through them: Gauteng with Durban (KwaZulu Natal) via 
gate 1, Gauteng with Cape Town (Western Cape) via gate 8. For both gates 1 and 8 there is an in-bound 
peak in the morning and an out-bound peak in the afternoons, early evening. This will be confirmed with 
later analyses, but since the am and pm peaks are of the same order of magnitude, it suggests that a) there 
is a net inflow of vehicles into Gauteng in the mornings, business-related activities are conducted, and a 
net outflow in the afternoon; and also that b) vehicles tend to leave through the same gates they entered. 
Two gate performances were unexpected. Firstly, the high activity at gate 2: one explanation might be 
that, due to the close proximity of gates 2 and 3, some of the traffic are incorrectly assigned to gate 2 
instead of gate 3. A more likely explanation is that we intuitively associate the N4 route to the east with 
the actual N4 gate (gate 3), whereas the majority of economic activity in Gauteng is in central and 
Southern Gauteng’s industrial areas. Since the N12 (via gate 2) is a shortcut from the N4 to the more 
industrial areas, many freight and commercial vehicles may actually use the N12 instead of the N4 via 
Pretoria. 
The link North through gate 4 was expected to have much higher activity, but turned out to be the 
quietest gate of all. Here too are two possible explanations. The notorious delays at the Beitbridge border 
post with Zimbabwe may actually have encouraged more freight to move North via Mozambique (using 
gate 2). The other explanation relates to a data selection bias. As noted in Joubert and Axhausen (2011), 
all 30 000 vehicles whose GPS logs were used, are subscribers of one of the countries largest fleet 
management service providers, DigiCore, more specifically their cTrack product offering. It may be 
possible that the customer base, and hence the vehicle selection, includes a disproportionately low 
number of cross-border carriers. 
Knowing when and where chains enter (and leave) is in itself noteworthy, but already the next 
question came up: “so what are they doing?” The GPS logs only indicate the vehicle movements, from 
which activity locations can be derived. In the absence of any cargo-related information, we were only 
able to answer how much they are doing while in the province. To this extent Fig. 4 shows a histogram 
with the number of activities counted from when a chain entered the province until it left. 
An exponential distribution fit yielded a probability density function λe−λx with rate parameter λ = 
0.2889 and estimated standard error of 0.0094. Of all the chains entering Gauteng, 90% conduct 5 or 
fewer minor activities within the province. 
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Fig. 3. Average daily activity at the various gates expressed for different times of the day 
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Fig. 4. Number of activities taking place within Gauteng before vehicles leave again 
4.2. Returning chains 
In the previous section we defined in-out and out-in pairs. On average, a total of 424 in-out chains and 
279 out-in chains were identified per day. The number of out-in chains is notably less than that of in-out 
chains. This suggests that many carriers are located outside of Gauteng since chains start and ends with 
major activities lasting in excess of 5 hours. The fractions allocated to specific in-out and out-in pairs are 
shown in Tables 1(a) and 1(b) respectively. Each table also shows the total number of entries and exists 
associated with the gates for the two chain types. Only fractions larger than 5% are shown. 
Table 1. Fraction of gate activities allocated to specific origin-destination pairs 
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From Table 1(a) we note that the matrix diagonal features prominently. The majority of in-out chains 
entering Gauteng through a gate will also leave Gauteng through the same gate. This confirms the am and 
pm peaks of the same order of magnitude seen in Fig. 3, especially for gates 1 and 8. This also confirms 
our knowledge that long-haul vehicles, especially from the ports (gates 1 and 8) travel through the night 
to arrive in Gauteng in the mornings. 
The imbalance between entries and exists at gates 1, 2 and 3 also suggests that many chains enter at 
gate 1 and leave through gate 2 as an alternative route back towards Durban, probably via the province of 
Mpumalanga. Also, many chains entering from the East enter Gauteng at gate 3, conducts business in 
Pretoria, then leaves via a round-trip of business activities in Johannesburg in the South at gate 2 before 
joining the N4 eastbound outside Gauteng. 
For out-in chains (Table 1(b)) originating in and returning to Gauteng the pattern is very clear: vehicles 
leaving the province in most cases return through the same gate. The distribution of neighboring gates 
suggests either a) that the process of assigning the activity point to a gate requires refinement, or b) that 
carriers would sector their customers into regions, hence the points of leaving and entering the province 
will be in the same vicinity. A combination of these two explanations is, of course, also possible. 
The out-in pair of 8→1 (7.5%) may represent typical long-haul carriers connecting the three main 
economic centra: arriving from Cape Town, delivering and/or collecting goods in Gauteng before leaving 
for Durban. 
5. Conclusion 
This paper sheds light on the nature of through-traffic’s activity chain characteristics. More 
specifically, the paper showed when and where vehicles enter and leave the province of Gauteng, the 
number of activities conducted while in the province, and also the specific gate-combinations through 
which vehicles enter and leave. 
Improving our understanding of through-traffic can play a significant role in making better transport 
planning decisions. For example, many of the main arterial routes in Gauteng pass through areas already 
congested with private car and intra-provincial commercial vehicles. Knowing which gate combinations 
are connected more often may influence decision-making about practical bypass developments in the 
province. 
Better, i.e. more representative transport planning has direct (positive) implications for City Logistics. 
If freight carriers’ movements and behavior is better accounted for, we can test scenarios that may impact 
their behavior, and more accurately predict their potential response. Consider, to name but a few 
examples, testing policies that promote load consolidation or fatigue management; or evaluating how 
changes in production and consumption markets impact freight demand management. 
The next logical step would be to generate a synthetic population of commercial through-traffic from 
this knowledge, and extend the [14] study to combine the intra-provincial commercial traffic and private 
cars covered in that contribution, with through-traffic in an agent-based simulation tool. The large data set 
of activity chains available will allow for extracting conditional probabilities, which, in turn, can be used 
to sample accurate synthetic chains from. Having chains that are both spatially and temporally accurate 
are very useful if disaggregate agent plans are constructed and modeled in an agent-based setting. 
Although agent-based modeling shows a lot of potential, it remains a very new branch of transport 
modeling that requires rigorous validation. This study lays a solid foundation against which agent-based 
behavior of commercial vehicles can be validated. 
The selection bias, and the impact thereof should be considered. This can be achieved by integrating 
the fleet management data sources from other service providers. A third research agenda point would be 
to consider a longitudinal study and investigate how the through-traffic chain characteristics change over 
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time. Freight carriers and shippers are usually unwilling to share load and cost-related data. Such 
information would be valuable in extending this current paper to also look at load-consolidation 
opportunities. 
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